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Only two brief reports have been published
on the distribution of leucine aminopeptidase
in skin (2, 3). This, then, is the first detailed
study of the localization of this enzyme in normal
human skin, using the technic of Naehlas et a!. (8).
Skin contains an enzyme able to hydrolyze 1-
leucylglycelglyeine (1, 14) and saline extracts
of rabbit and human skin contain a specific type
of proteolytic enzyme identified as leucine amino-
peptidase (5).
Leucine aminopeptidase is the only known
peptidase which attacks leucinamide (9). Since
highly purified preparations of leueine amino-
peptidase hydrolyze Co-NH bonds involving N-
terminal amino acid residues other than leucine
(10), its presence in tissues should indicate the
site of protein and natural polypeptide cleavages.
MATERIALS AND METHODS
Both biopsy and autopsy specimens of skin,
unfixed and fixed briefly in neutral formalin, have
been used; unfixed tissues give better results.
Specimens stored frozen for one week or longer,
show no appreciable diminution of enzyme activ-
ity. The biopsy specimens in this study were
obtained from the abdomen, breast, scalp, and
axilla of young men and women. Specimens of
sole, palm, scalp, back, thigh, and axilla were
also collected from the cadavers of two premature
stillborn infants, two infants, one and five months
of age, and from several young and old men, five
to eight hours after death.
In the method of Naehlas eta!. (7), as used here,
the concentration of the substrate, the type of
coupling dye, the potassium cyanide, the precise
pH of the buffer, the length of incubation, and
the temperature at which the tissues are incubated
all influence the results. For example, when
acetate buffer is used at pH 6.5, or phosphate
buffer higher than pH 6.5, there is an increase in
nonspecific staining, and the effectiveness of the
chelating reaction with eupric sulfate is reduced.
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Sections placed in the incubating mixture without
the substrate stain homogeneously pale yellow or
tan and are good controls.
Procedure
Unfixed frozen sections, 25 to 60 ,z thick are
placed directly in the preheated substrate mixture
consisting of the following substances:
L-leueyl-B-naphthylamide hydrochloride
(8 mg/ml) (Dajac Laboratories, Phila.,
Pennsylvania) 1 ml
Acetate Buffer (0.1 M) pH 6.0 10 ml
Sodium chloride (0.85%) S ml
Potassium cyanide (002 M) 1 ml
Naphthanil Diazo Blue B 10 mg
The sections are removed from the incubating
mixture after 5, 10, 15, and 20 minutes; they are
then rinsed in normal saline for 2 minutes, chelated
in 0.1 M cupric sulfate solution for 2 minutes,
fixed in 10% formalin for 3 minutes, washed in
distilled water, dehydrated in graded alcohol,
cleared in xylene, and mounted in piccolyte. The
sections can also be mounted in glycerin jelly or
other suitable water mounting media.
The sites of enzyme activity are blue or reddish
blue against a pale yellow or tan background.
The blue color indicates a strong reaction, the
reddish blue a weak one. The need for a short, or a
long incubation period to demonstrate enzyme
activity may indicate a strong or a weak concen-
tration of the enzyme.
OBSERVATIONS
The Epidermis. The entire malpighian layer
of the general body epidermis has a weak or
moderate activity, but the stratum eorneum has
none (Figs. 1, 2). When the epidermis is thicker,
the reaction is stronger in the basal malpighian
layers and in the granular layer. The epidermis
of the palm and sole has a strong reaction in the
basal layer, a weak one in the spinous layer,
and an intense reaction in the granular layer that
extends to the lower part of the stratum lucidum
(Fig. 2). The reaction in the granular layer is so
intense that it appears only after 5 minutes'
incubation, whereas that in the basal layer
requires an incubation time of about 10 minutes.
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The Dermis. The entire papillary body is
moderately rich in LAP. After an incubation of
10 to 20 minutes, tbe endothelial tubes of the
arterial capillary loops and nets in the papillary
body stain a deep blue, the preparations re-
sembling those treated for alkaline phosphatase
(Figs. 1, 3) (6). Reactive vessels may also be
found in tbe upper part of the reticular layer;
the endothelial cells of the arterioles and arteries
are not reactive. Enzyme activity is much more
clear cut in the capillaries of the skin of infants
than it is in that of adults. In the bald scalp of
aged men, instead of the fine capillary loops,
there are reactive amorphous conglomerates
that resemble the changes in senile clastosis.
There may be also a variable amount of reactivity
in the middle and deeper parts of the dermis.
All of the fibroblasts in the papillary layer
and in the upper reticular layer are moderately
reactive (Fig. 3), but those in the lower part
of the dermis, except for those in the perivascular
tissue, are unreactive. In the skin of the two
premature still-born infants, all of the collage-
nous fibers of the dermis, and even the adipose
tissue, have a moderate to strong reaction. This
may indicate a diffusion of the abundant enzyme
in the tissues.
Eccrine Sweat Glands. Rich enzyme activity
can be demonstrated in the entire secretory coil
after an incubation time of only 2.5 to 5 minutes.
In contrast, the duct, coiled or straight, has only
a weak reactivity (Figs. 3, 4). The spiral, intra-
epidermal part of the duct is not reactive (Fig. 2).
Apocrine Sweat Glands. The epithelial cells
of the secretory coils have a moderate to intense
reaction, which is not as strong as that in the
eccrine glands. The ducts are practically un-
reactive. The glands of old individuals have less
reactivity than those of the young ones.
Sebaceous Glands. A scant reaction is found
in the peripheral, undifferentiated cells and no
reaction in the mature sebaceous cells and the
sebum. The ducts of the glands, however, have a
good reaction, stronger in the glands associated
with quiescent hair follicles than in those asso-
ciated with active follicles.
Hair Follicles. In the outer root sheath of
growing follicles, an intense color develops
around the keratogenous zone and the bulb.
The upper bulb is scantily reactive, but the
matrix is intensely stained. The dermal papilla
is the most intensely reactive clement in the
skin (Fig. 5). The endothelium of the capillaries
around the follicles stains blue. During catagen
the entire degenerating bulb becomes very reac-
tive, as does also the connective tissue sheath
around it (Fig. 6). Quiescent follicles are stained
a reddish blue, but their dcrmal papillae are
stained an intense blue (Figs. 7, 8). The arrec-
tores pilorum muscles show weak enzyme ac-
tivity (Fig. 8).
njscussio&
LAP hydrolyzes amide bonds involving the
primary amine of L-leucinamide, as well as those
of di- and tri-peptides (10, 12). Therefore, the
sites of LAP activity can be regarded as sites
of peptidase activity, in general, except for
prolidase. The amino acids resulting from the
hydrolysis of peptides can be incorporated into
fat and carbohydrate in their various anabolic
and catabolic pathways (13). The sites of histo-
chemically demonstrable LAP, then, probably
represent sites of active biological function.
LAP is widely distributed in human skin. The
dermal papilla of hair follicles is the site of the
strongest activity. An interpretation of this
activity, however, is difficult since it is there in
all stages of the hair growth cycle.
The abundant enzyme activity in the secretory
segment of eccrine sweat glands may reflect the
potential function of these glands in nitrogenous
excretion.
The positive activity in the fibroblasts in the
upper part of the corium, but not in those of the
reticular layer, is particularly interesting and
could indicate a difference in the functional
differences between the cells of two layers of the
dermis.
Although Braun-Falco and Salfeld (3) found
positive LAP reaction in the mast cells of diffuse
skin mastocytosis of a newborn, we found none
in the mast cells in normal skin.
The distribution of this enzyme shows strong
regional differences. The number and the state
of activity of hair fol]icles and the number of
eccrine sweat glands deeply influence these
differences. This is important information to
one who performs a biochemical quantitative
analysis of LAP activity in skin. The discre-
pancies reported between the biochemical and
histochemical findings in skin tumors (11, 4)
may be due to some such differences.
The sites of the LAP activity in human skin
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have been studied with the technic of Nachlas
at al. (8). The substrate used in this technic,
presumably can be hydrolyzed only by leucine
aminopeptidase; the histochemical localization,
however, probably also shows the sites of pepti-
dases, including di- and tri-peptidases. These
sites are probably important parameters of
peptide hydrolysis in the skin.
Among the various sites of the LAP activity
in skin, the most unique are the granular layers
of the palmar epidermis, the dermal papilla of
hair follicles, the secretory coil of eccrine sweat
glands, and the fibroblast in the upper part of
the corium.
REFERENCES
1. BELOFF, A. AND PETERs, R. A.: Observations
upon thermal burns: The influence of
moderate temperature burns upon a pro-
teinase of skin. J. Physiol., 103: 461—476,
1945.
2. BRAUN-FALcO, 0.: Zur Histotopographie der
Aminopeptidase bci Pemphigus Vulgaris.
Derm. Wschr., 135: 93—96, 1957.
3. BRAUN-FALcO, 0. AND SALFELD, K.: Leucinc
aminopeptidase activity in mast cells.
Nature, 183: 51—52, 1959.
4. Buits'roNr, M. S.: Histochemical demon-
stration of protcolytic activity in human
neoplasms. J. Nat. Cancer Inst., 16: 1149—
1161, 1956.
5. FRUTON, J. S.: On the proteolytic enzymes of
animal tissues. V. Pcptidases of skin, lung,
and serum. .J. Biol. Chcm., 166: 721—738,
1946.
6. MONTAGNA, W. AND ELLIs, R. A.: Histology
and cytochemistry of human skin. XIII.
The blood supply of the hair follicle. J. Nat.
Cancer Inst., 19: 451—463, 1957.
7. NAcRLA5, M. M., CRAWFORD, D. T. AND
SELIGMAN, A. M. : The histocbemical demon-
stration of lcucine aminopeptidase. J.
Histochem. Cytochem., 5: 264—278, 1957.
8. NAcHLA5, M. M., M0NI5, B., RO5ENBLATT, P.
AND SRLIGMAN, A. M.: Improvement in the
histochcmical localization of leucinc amino-
peptidasc with a new substrate, 1-leucyl-4-
methoxy - 2 - naphthylamidc. J. Biophys.
Biochem. Cytol., 7: 261—264, 1960.
9. SMITH, E. L.: The specificity of certain pep-
tidases. Advance Enzymol., 12: 191—257,
1951.
10. SHrIll, E. L. AND SPAcKMAN, P. H.: Leucinc
aminopcptidasc. V. Activation, specificity,
and mechanism of action. J. Biol. Chcm.,
212: 271—299, 1955.
11. SYLvEN, B. AND MALMGREN, H.: Topical
distribution of proteolytic activities in
some transplanted mice tumors. Ezp. Cell
Res., 8: 575—577, 1955.
12. WALD5dHMIDT-LEITz, E. AND KELLER, L.:
Zur Frage der Existenz einer Leucyl-pepti-
dase. Hoppe-Seyler z. Physiol. Chem., 309:
228—238, 1957.
13. WHEATLY, V. R., CRAW, D. C. AND KEENAN,
F. D.: Incorporation of 1-iso-leucine into
fatty acid in dog skin. Personal Communica-
tion (Unpublished), 1960.
14. ZAMEcNJIC, P. C., STEPHENSON, M. L. AND
COPE, 0.: Peptidase activity of lymph and
serum after burns. J. Biol. Cbem., 158: 135,
1945.
148 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
PLATE I
Explanation of Figures
FIG. 1. Skin of the back showing a relatively intense reaction in the malpighian layer of the epidermis
but not in the stratum corneum. The capillaries and the perivascular connective tissue in the papillary
body, indicated by arrows, show a reaction.
FIG. 2. Skin of the palm, showing a reaction in the epidermis but not in the intraepidermal part of
the duet of a sweat gland. The dermal part of the duct shows a mild reaction. The stratum corneum,
the upper margin of which is indicated by the arrow, is unreactive.
FIG. 3. Palm of a child, 10 months old, showing the strongly reactive malpighian layer of the epi-
dermis and one complete sweat gland. The glomerate portion of the gland has abundant enzyme reaction
but the duet does not. The arrow indicates the separation of the papillary layer of the dermis, above,
from the reticular layer below. In the papillary layer, the fibroblasts are reactive; in the retieular layer
they are not.
FIG. 4. Sweat gland from the back showing a contrast between the strong reaction of the secretory
coil and the weak reaction in the coiled excretory duct (arrows).
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PLATE II
Explanation of Figures
FIG. 5. Bulb of an active hair follicle from the scalp of a woman 32 years old. The strongest reaction
is localized in the matrix (lower bulb) and in the dcrmal papilla.
FIG. 6. Hair follicle in catagen, from the scalp of a balding man 65 years old. The entire epithclial
strand and the connective tissue sheath around it arc intensely reactive, as is also dermal papilla (arrow).
FIG. 7. Quiescent follicle from the scalp of a child 10 months old. The arrow indicates the intensely
reactive dcrmal papilla. Below the papilla is an eccrine sweat gland.
FIG. 8. Quiescent hair follicle from the scalp of a newborn child. The straight arrow indicates the
dermal papilla; the curved arrow indicates the arrcctor pili muscle.
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